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Abstract 
Visible range to telecom band spectral translation in SiC/Si can be accomplished using wavelength selector under appropriate 
optical bias, acting as reconfigurable active filters. In this paper we present a monolithically integrated wavelength selector based 
on a multilayer SiC/Si integrated optical filters that requires optical switches to select wavelengths. The selector filter is realized 
by using a double pin/pin a-SiC:H photodetector with front and back biased optical gating elements. Red, green, blue and violet 
communication channels are transmitted together, each one with a specific bit sequence. The combined optical signal is analyzed 
by reading out the generated photocurrent, under different background wavelengths applied either from the front or the back side. 
The backgrounds acts as channel selectors that chooses one or more channels by splitting portions of the input multi-channel 
optical signals across the front and back photodiodes. The transfer characteristics effects due to changes in steady state light, 
irradiation side and frequency are presented. The relationship between the optical inputs and the digital output levels is 
established. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Newly developed technologies, for infrared telecommunication systems, allowed increase of capacity, distance 
and functionality. Expanding far beyond traditional applications in optical interconnects at telecommunications 
wavelengths, the SiC nanophotonic integrated circuit platform has recently proven its merits for working with 
visible range optical signals  [1, 2].. 
In order to enhance the transmission capacity and the application flexibility of optical communication and sensor 
systems,  associated efforts have to be considered, namely: The fundamentals of Wavelength Division Multiplexing 
(WDM) amorphous technology when different optical signals are encoded in the same  optical transmission path; 
the IP-based multimedia services architecture to provide transparent communication over different networks;- an 
extended look at the future of transmission, switching and control with the design of reconfigurable logic active 
filter gates by “bridging the gaps” and combining the optical filters properties.    
The long pass SiC tuneable background filter, is an interface device that forms the bridge between the infrared 
and red spectral range. The SiC tuneable background filters are used to realize different filtering processes and then 
different signal processing functions: amplification, switching, and wavelength conversion. It was introduced the 
basic principle of the emerging technologies of photonic switching. So, the device can be used as a bistable optical 
gate and act either as a short- or a long- pass band filter or as a band-stop filter depending on the wavelength of the 
external background. In consequence, bridging the visible spectrum to telecom gap offers the opportunity to provide 
alternative and additional low cost.  
Some directions for further research will be suggested. The integration of new functionalities for the next 
generation of application-specific components and smart systems will be done through the convergence of 
optoelectronic and communication technologies. 
Reconfigurable wavelength selectors that allow for operation on a large number of wavelength channels, with 
dynamic response, are essential sub-systems for implementing reconfigurable WDM networks and optical signal 
processing [3, 4]. This constitutes a solution in WDM technique for information transmission and decoding in the 
visible range [5]. 
Amplification and magnitude variation are two key functionality properties outcome of a balanced interaction 
between the wavelength of the optical signals and background side and wavelength. Any change in any of these 
factors will result in filter readjustments. Here, signal variations with and without front and back backgrounds move 
electric field action up and down in a known time frame selecting the appropriated wavelength.  
 
2. Device design, characterization and operation  
2.1.  Design and operation 
The tunable filter is realized by using double pin/pin a-SiC:H photodetector with front and back biased optical 
gating elements as depicted in Figure 1. It consists of a p-i'(a-SiC:H)-n/p-i(a-Si:H)-n heterostructure. The 
thicknesses and optical gap of the front í'- (200 nm; 2.1 eV) and back i- (1000 nm; 1.8 eV) layers are optimized for 
light absorption in the blue and red ranges, respectively [6].  
Red, green, blue and violet pulsed communication channels (R,G,B,V; input channels) are transmitted together, 
each one with a specific bit sequence and absorbed accordingly their wavelengths (see arrow magnitudes). The 
combined optical signal (multiplexed signal) is analyzed by reading out the generated photocurrent under negative 
applied voltage (-8V), without and with violet background (=400nm) applied either from front or back sides. The 
device operates within the visible range using as input color channels (data) the wave square modulated light 
supplied by a red (R: 626 nm; 25 μW/cm2), a green (G: 524 nm; 46 μW/cm2), a blue (B: 470 nm; 40 μW/cm2) and a 
violet (V: 150 μW/cm2) LEDs. The optical bias was superimposed using a violet LED (400 nm; 2800 μW/cm2). The 
spectral sensitivity under violet front and back backgrounds and without it was tested through spectral response 
measurements [7].  
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Fig. 1 Device configuration and operation. 
2.2.  Spectral photocurrent 
The spectral sensitivity under violet background and without it was tested through spectral response 
measurements applied either from the front or back side of the device (Figure 2). 
In Figure 2a the optical bias was applied from the front side and in Figure 2b from the back side. For comparison 
the normalized spectral photocurrent for the front, p-i’-n, and the back, p-i-n, photodiodes (dash lines) are 
superimposed.  
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Fig. 2. Photocurrent without and with front (a) and back (b) violet background. The normalized photocurrent of the individual photodiodes is 
superimposed (dash lines). 
Data shows that the front and back diodes, separately, presents the typical responses of single p-i-n cells with 
intrinsic layers based on a-SiC:H or a-Si:H materials, respectively. The front diode cuts the wavelengths higher than 
550 nm while the back one rejects the ones lower than 500 nm. The overall device presents an enlarged sensitivity 
when compared with the individual ones. 
Under front irradiation the sensitivity is much higher than under back irradiation. Under front irradiation the 
violet background amplifies the spectral sensitivity mainly in the long wavelength range (>550 nm) while back 
irradiation strongly quenches this and enhances the short wavelength range (see arrows in both figures). Thus, back 
irradiation, tunes the front diode while front irradiation selects the back one. 
In Figure 3 the spectral gain (αV), defined as the ratio between the spectral photocurrents under violet 
illumination and without it, is plotted. Results show that under front irradiation the violet background amplifies the 
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spectral sensitivity mainly in the long wavelength range (αV>>1) while back irradiation strongly quenches this 
(αV<<1) and enhances the short wavelength range. Thus, back irradiation, tunes the front diode while front 
irradiation selects the back one. So, under back bias the gain is high at short wavelengths (αV>>1) and strongly 
lowers for wavelengths higher than 500 nm, acting as a short-pass filter (αV<<1). Under violet front light the device 
works as a long-pass filter for wavelengths higher than 500 nm, blocking the shorter wavelengths. By switching the 
irradiation side the short-, and long- spectral region can be sequentially tuned. The medium region (475 nm-530 nm) 
can only be tuned by using both active filters.  
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Fig. 3. Spectral gain (αV) under front and back bias. 
2.3.  Spectral tuning 
The spectral sensitivity under violet background was analyzed through spectral response measurements between 
400 and 800nm applied from the front and back sides of the device (Figure 2) under near ultraviolet background 
(400nm) and different light intensities. During the measurements the current that drives the background LED was 
changed from 0.25 mA to 30 mA leading to different background flux intensities. The spectral gain under increasing 
background intensities (see arrows) applied either from the front side (a) or back side (b) of the device is displayed 
in Figure 4.  
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Fig. 4. Spectral gain under front (a) and back (b) bias and different background intensities. 
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Results show that by increasing the intensity of the background, the gain under front irradiation, shifts from the 
infrared to the visible spectral region. At very low steady state violet irradiation the device works like a near infrared 
filter, cutting the visible range. As the background flux increases the sensitivity of the device shifts towards the 
visible range tuning the long and medium visible wavelengths. The sensitivity at short wavelengths strongly 
disappears.  Under back irradiation the device always acts as a short pass-filter whatever the background intensity. 
So bridging the visible spectrum to infrared Telecom gap is possible by using appropriated background intensities 
in the near ultra violet range. 
 
3. Optical bias controlled filter effect 
Four monochromatic pulsed lights, separately (R, G, B and V input channels) illuminated the device at 12000 
bps. Steady state violet optical bias was superimposed separately from the front (Figure 5a) and the back (Figure 5b) 
sides and without it and the photocurrent measured at -8 V. The signals were normalized to their values without 
applied background. The optical gain (amplification factor) for the four individual channels (αV R ,G,B,V) under front 
and back irradiation are also displayed.  
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Fig. 5.  Red (R), green (G), blue (B) and violet (V) input channels, under violet optical bias applied from the front (a) and from the back (b) sides 
and normalized to their values without background.  
Results show that, even under transient conditions and using commercial LEDs as pulsed light sources, the 
background side affects the signal magnitude of the color channels. As shown in Figures 2-4, under front irradiation, 
it enhances mainly the spectral sensitivity in the medium-long wavelength ranges (αVR=4.7, αVG=2.4). Violet 
radiation is absorbed at the top of the front diode, increasing the electric field at the back diode [8] where the red and 
part of the green incoming photons are absorbed (see Figure 1). Under back irradiation the electric field increases 
mainly near the front p-n interface where the violet and part of the blue incoming channels generate most of the 
photocarriers (αVV=11, αVB=1.5). So, by switching between front to back irradiation the photonic function is 
modified from a long- to a short-pass filter allowing, alternately selecting the red or the violet channels. 
4. Data selector /Data distributer 
For an optoelectronic digital capture system, opto-electronic conversion is the relationship between the optical 
inputs and the corresponding digital output levels.  
In Figure 6 it is displayed the normalized MUX signals due to the combination of the input channels of Figure 5 
under front (a) and back (b) violet irradiations. On the top the signals used to drive the input channels are displayed 
showing the presence of all the possible 24 on/off states. 
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Results show that the side of background affects the shape and the magnitude of the MUX signal in opposite 
ways. Under front irradiation, sixteen levels (24) are detected and grouped into two main classes due to the high 
amplification of the red channel (αVR>>1; Figure 5a). The upper eight (23) levels are ascribed to the presence of the 
red channel (R=1), and the lower eight to its absence (R=0), allowing the red channel decoder (long-pass filter 
function). Since under front irradiation the green channel is also amplified,( αVG>1) the highest four levels, in both 
classes, are ascribed to the presence of the green channel (G=1) and the four lower ones to its lack (G=0). The blue 
channel is slightly amplified, so, in each group of 4 entries, two levels (21) can be found: the two higher levels 
correspond to the presence of the blue channel (B=1) and the two lower to its absence (B=0). Finally, each group of 
2 entries have two near sublevels, the higher where the violet channels is ON (V=1) and the lower where it is 
missing (V=0). In the right side of the figure the sixteen RGBV sublevels are inserted. 
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Fig. 6. Normalized multiplexed signal under front (a) and back (b) violet irradiation. On the top the signals used to drive the input channels are 
shown to guide the eyes into the ON/OFF channel states. 
Under back irradiation, the same encoded multiplexed signal is, also, made of sixteen sublevels but grouped into 
different color main levels, the highest eight where the violet channel is ON (V=1) and the lowest where it is OFF 
(V=0) (short-pass filter function). The violet channel is then decoded. Each group the eight sublevels can be, also, 
grouped in two classes, with and without the blue channel ON. Each of those classes split into four near sublevels, 
attributed to the presence or absence of the red and green channel. If we consider this red and green output bits “not 
significant” only four separate levels (22) are considered and the logic MUX function is converted into a logic filter 
function.  
The correspondence between the on/off state of the input channels and the index codes are obvious. In the inputs 
(x0….x15), the index of each bit, is related to the first (highest) nonzero logic input. Thus, the selection index for 
those different 16-element look-up tables is a 4-bit binary of the form S3, S2, S1,S0 where Sn means the color channel 
(Figure 7) with n proportional to the amplification factor (Figures 5a and 5b). Under front irradiation, the 
multiplexer select code, represents an RGBV address, or index, into the ordered inputs. Under back irradiation the 4-
bit binary multiplexer select code represents a VBGR index into the ordered input. We may view both 16-element 
look-up table as consisting of two look-ups, one to select the proper group of 8, and pick the red under front 
irradiation (S3=R) or the violet under back background (S3=V). Each group of 8 inputs requires 3 bits for picking the 
proper group of 8 and for specifying an input (S2, S1, S0). In Figure 7 the look-up is displayed. Here, if S3=R then the 
S2=G, S1=B and S0=V; if S3=V the 4-bit binary code will be BRG. 
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Fig. 7. Schematic of a pin/pin a-SiC:H 16-element table look-up. 
 
Fig. 8.  MUX signal under front and back irradiation and the decoding 
results. On the top the DEMUX signals obtained as well as the binary bit 
sequences are displayed. 
Whereas the multiplexer is a data selector, the demultiplexer is a data distributor or data router. Just as the 
multiplexer has a binary code (S3 S2 S1 S0; Figure 5) for the selection of an input, the demultiplexer has a similar 
code for selecting a particular output. The front and back background acts as selector to select one of the four 
incoming channels by splitting portions of the input multi-channel optical signal across the front and back 
photodiodes. This duality of functions is characteristic of decoders and demultiplexers.  
Under front background the red channel is decoded due to its higher amplification while under back violet 
irradiation the violet channel is selected. As proof of concept the decoding algorithm was implemented in Matlab [2] 
and tested using different binary sequences. In Figure 8 a random MUX signal under front and back irradiation is 
displayed and the decoding results are shown. On the top the DEMUX signals obtained as well as the binary bit 
sequences are respectively displayed. 
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Fig. 9.  Normalized transient signals at -8V with violet steady state optical bias applied from front and from the back sides. (a) Digital signal 
composed by red and blue wavelengths and (b) digital signal composed by green and violet wavelengths.  
 
A good agreement between the signals used to drive the LEDs and the decoded sequences is achieved in all the 
tested sequences. 
It is clear that by using only two long and short wavelengths channels (the red and blue or the green and violet) 
an inverter can be built and controlled by the violet irradiation either at the front or back side of the device. Here, the 
true or false outcome is correlated to the relationship between the difference of both red and blue or green and violet 
components of the input signals. 
By using SiC tuneable background filter an all optical NOT gate as a simple example of further complex logic 
systems has been demonstrated. Figure 9 shows the experimental setup for realizing an all optical NOT gate. 
 
5. Conclusions  
An optoelectronic device based on a-SiC:H technology is analyzed. Tailoring the filter wavelength was achieved 
by changing the violet background side. Results show that the pi´n/pin multilayered structure becomes 
reconfigurable under front and back irradiation, acting either as data selector or data distributer. It performs WDM 
optoelectronic logic functions providing photonic functions such as signal amplification, filtering and switching. 
By means of optical control applied to the front or back diodes, the photonic function is modified, respectively 
from a long- pass filter to pick the red channel to a short-pass filter to select the violet channel, giving a step 
reconfiguration of the device. The green and blue channels are selected by combining both active long- and short-
pass filters into a band-pass filter.  
In practice, the decoding applications far outnumber those of demultiplexing. An all optical NOT gate was shown 
and it imposed the base line of the digital signals. More work has still to be done in order to execute optical logic 
and arithmetic operations entirely within the optical domain. 
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